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Burning of cement clinker has been the subject of 
many papers written on the manufacture of portland ce- 
ment. Most of such papers, however, have discussed the 
subject from the viewpoint of the hens and those 
papers which have discussed the subject ftom the engi- 
neer’s viewpoint have for the most part confined them- 
selves to descriptions of equipment or to the partial 
summing up of heat distribution and balance. The writ- 
ers of this paper were impressed with the apparent in- 
efficiency of the operation of the kilns coming under 
their observation in several cement plants and the lack 
of definite control of the several variable factors in the 
practical operation of the kilns. The reports coming 
in from several plants seem to reflect the individual 
capacity of the superintendent of each plant rather than 
a definite knowledge of the subject. The writers, there- 
fore, concluded to start a careful study of the subject 
with a view of devising some means of definite control 
for as many as possible of the variable conditions, in 
order to improve both the efficiency of operation and uni- 
~ formity of product. 

When the theoretical amount of coal required to burn 
one barrel of cement was compared with the actual 
amount consumed, it was quite apparent that the equip- 
ment in use was very inefficient. 

The opportunity presented itself for making obser- 
vations on the operation of a rotary kiln working un- 
der normal conditions, and the subject matter of this 
paper will present a brief description of the data ob- 
served, a discussion of the efficiencies and possible man- 
ner for increasing same in the present equipment for 
burning cement clinker, and the discussion showing dis- 
tribution in the combustion zone of the heat units of 
the powdered coal used. 

The original object of the experiment was to deter- 
mine the adaptability of the recording pyrometers and 
combustion recorders to the practical operation of a 
rotary cement kiln. In order to make the observations 
for a careful study of the subject, a rotary kiln 8 ft. 
in diameter by 100 ft. long operating under the wet 
process was equipped with pyrometers and a gas analy- 
zer. 

PyYROMETRY 


The kin was equipped with indicating and record- 
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ing pyrometers at different points along its length, as 
in Fig. 1. Five thermo-couple tubes were installed at 
stations 2, 3, 4, 5, and 6, so arranged by means of con- 
ductors, collector rings and brushes that the tempera- 
tures could be recorded from any of these stations at one 
time. A separate thermo-couple was installed at sta- 
tion No. 1 in the dust chamber so as to measure the 
temperature of the gases leaving the kiln before these 
gases were diluted by the air drawn into the stack 
around the end of the kiln. 
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The thermo-couple at station No. 1 remained con- 
nected to its instrument during the entire time of mak- 
ing observations; but thermo- alee for measuring the 
temperatures at stations Nos. 2 to 6, inclusive, was in- 
serted in one tube at a time and remained in aren tube, 
except at station No. 6, about 72 hours. The intense 
heat and the fluxing and abrasive action of the clinker 
at station No. 6 destroyed the thermo-couple tube in 
about five hours, so that it was not safe to leave the 
thermo-couple in the tube over four hours. It was 
necessary to let the kiln cool several hours before in- 
stalling a tube at station No. 6, and since the pyrometer 
instrument indicated that the temperature was still ris-- 
ing when the thermo-couple was removed from the tube, 
the temperature recorded for this station is too low. 

The thermo-couple tubes projected into the kiln about 
9 in. beyond the inner surface of the kiln lining and 
since the tubes were entirely covered by the mix fully 
one-eighth of the time, the temperatures recorded are 
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the resultant temperatures of the mix and gases. This 
is clearly shown by the temperatures at stations Nos. 1 
and 2, Fig. 2. The temperature at station No. 1 is 
higher than the temperature at station No. 2 because the 
pyrometer at station No. 1 gives the temperature of the 
gases only, while the pyrometer at station No. 2 gives 
the resultant temperature of the mix and gases. The 
broken line between stations Nos. 5 and 6 gives the 
probable temperature between these two stations. 

The observations indicated that it is impractical to 
use pyrometers attached to the moving parts of the 
kiln; but if pyrometers were installed in the dust cham- 
ber at the feed end of the kiln and in the hood at the 
discharge end of the kiln they would be of great assist- 
ance in keeping the clinkering zone in the proper place. 
If the clinkering zone is too far from the discharge end 
of the kiln, part of the kiln merely acts as a cooler and 
as for burning clinker, the kiln might have been shorter ; 
and if the clinkering zone is too near the discharge end 
of the kiln, unburnt clinker may be discharged or the 
nose ring of the kiln and the hood lining may become 
damaged, due to excessive heat. 

The data obtained by the use of pyrometers at sta- 
tions Nos. 2 to 6 inclusive does not give reliable results 
for the reasons mentioned above, but the arrangement 
of the equipment and results obtained, we believe are 
original and are given merely as progress in research. 
These results have not been used in computing heat dis- 
tribution or making heat balance as described later on 
in this paper. 

Kirn Gas ANALYsEs 
Samples of kiln gases were collected, at various times, 
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from the feed end of the kiln (Station No. 1) and ana- 
lyzed, in an Orsat Hand Analyzer, for carbon dioxide 
(CO,) and free oxygen (O,) and carbon monoxide 
(CO). The results of the analyses are giver in Table di 
It will be noticed that the carbon dioxide varied from 
17.5% to 23.2%, and free oxygen from 1% to 5.5%, 
and carbon monoxide was found only in oe sample. 
This sample contained .1% free oxygen and 1.37% car- 
bon monoxide; and indicates that with only a iraction of 
1% of free oxygen the gases may contain carbon 
monoxide. 

Powdered coal can be burned-with a small amount of 
excess air, and unless air is required for purposes other 
than combustion, excess air should be kept at a mini- 
mum. If excess air is necessary, a constant volume, no 
doubt, should be used, but since the operator cannot tell 
from physical appearances in the kiln just how much 
excess air is being admitted, a combustion recorder would 
be of valuable assistance in maintaining constant condi- 
tions in the kiln. It will be shown later that excess air 
is essential with the present equipment for burning ce- 
ment clinker. 


TABLE 1—OBSERVATIONS AT STATION No. 1 


Kiln Gases 
Date Time co, 0, co Temp. Draft 
Per Cent by Volum Degrees F. Inches 
4-24-16 9:00 A. M. 23.2 0.9 0.0 930 
10:00 21.2 0.1 1.3 1070 
11:00 22.8 0.8 0.0 1090 
1:00 P.M. 18.2 4.1 0.0 1100 
2:00 20.7 2.8 0.0 1090 
8:00 20.1 8.2 0.0 1090 
4:00 19.7 3.0 0.0 1080 
5:00 21.4 2.7 0.0 1070 
4-25-16 9:00 A. M. 22.0 1.2 0.0 1040 
10:00 20.6 2.0 0.0 1030 
11:00 21.2 1.5 0.0 1010 
1:00 P.M. 20.7 2.6 0.0 1010 
2:00 22.2 2.4 0.0 1000 
8:00 22.3 ule 0.0 1040 
4:00 20.7 2.8 0.0 1030 
4-26-16 9:00 A. M. 22.0 0.9 0.0 1020 
10:00 22.5 1D 0.0 1050 
11:00 21.8 2.1 0.0 1040 
1:00 P. M. 22.0 1.4 0.0 1030 
2:00 21.5 2.1 0.0 1040 
3:00 20.8 2.2 0.0 1050 
4:00 19.7 8.0 0.0 1050 
6-16-16 9:30 A.M. 18.9 8.3 0.0 1110 10 
9:45 17.5 4.6 0.0 aia! 
10:25 17.8 4.6 0.0 HI 
10:30 18.3 4.9 0.0 1100 clit 
10:45 17.0 5.0 0.0 ll 
11:00 18.4 4.9 0.0 1080 ll 
11:30 17.9 4.6 0.0 1060 File | 
1:00 P.M. 17.8 5.0 0.0 1090 13 
6-19-16 TsL6' 18.4 49 0.0 AT 
1:30 18.0 4.3 0.0 -20 
2:00 19.0 3.8 0.0 18 
2:30 17.7 5.0 0.0 Ait 4 
3:00 18.3 4.8 0.0 .20 
4:00 20.1 4.1 0.0 13 
4:30 19.6 4.8 0.0 15 
5:00 19.7 4.5 0.0 15 
5:30 19.5 4.2 0.0 14 
6-20-16 8:30 A.M. 17.4 4.8 0.0 14 
9:00 18.1 4.3 0.0 12 
9:30 16.8 - 4.9 0.0 16 
10:00 19.2 4.0 0.0 .08 
10:15 20.1 3.4 0.0 .08 
10:30 22.0 ed: 0.0 02 
10:45 18.8 4.4 0.0 12 
11:15 19.3 8.8 0.0 10 
11:30 19.1 4.6 0.0 .08 
1:00 P.M 17.5 5.5 0.0 12 
Drart 


The static draft at the feed end of the kiln (station 
No. 1) was measured and is also given in Table I. It 
varied from .02 to .20 in. of water. The amount of draft 
at any given time is not essential but the variation shows 
the irregularity in the operation of the kiln, 


CHANGES IN THE Mix 


The thermo-couple tubes at the various stations were 
removed and samples of the mix were collected from the 
holes while the kiln was operating under normal condi- 
tions. The samples obtained from these points and sam- 
ples of the mix before entering the kiln and the clinker 
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after being discharged from the kiln were analyzed for 
water and ignition losses (CO,). The percentages of 
water in the mix and ignition losses in the dry mix are 
shown by the curves in Fig. 13 and Fig. 14. The 
straight line sections, no doubt, should be connected by 
curves instead of forming angles at their intersections. 
The lines were extended to form angles in order to in- 
dicate the zones of heat distribution. 


Kitn GaAsrs 


The kiln gases are made up of carbon dioxide liber- 
ated from the calcium and magnesium carbonates in the 
mix, combustion gases and excess air. The carbonates 
produce 213.7 pounds of carbon dioxide per barrel of 
clinker. The amount of combustion gases per barrel 
of clinker depends on the composition of the coal ‘and 
the amount required per barrel of clinker. The air is 
indefinite but could be determined by gas analysis or 
metering the air entering the kiln. 

The coal used during the observations was from Neff 
Mine No. 1 (Ohio) and gave the following ultimate 
analysis after drying and pulverizing: 


CRT DOH waster e Helene: e selee wiole: sibs sales stele itch oltiele abd 74.68% 
Sul pT cecexerer sisters vleteys ame ielereqe de eww wle ites, ¢ vio .ciclt 8.52% 
EV GTORG I aeerctetistacciove tistafcisvetnlsicin ioe! cieioisleieiatecevsse a 5.07% 
OR VEEN een ce vw oew see's Miveeaioo ls ao clsblret cite 6.55% 
INFELOR Oller earaclis sate ete cersias Seah siete cree .agnis,a 1.18% 
PASI Ban cpatticeen cer eiratpes o nrelu ae iaicie telecine cre os 9.00% 

SOMCAL Meroe let curtieveicteisiare crestor ere)cie eivisie'a sale oe siete 100.00% 


and required 10.29 lbs. of air per pound of coal for 
“ideal combustion”—forming 11.2 lbs. of combustion 
gases with the following composition: 


. 


Carbon Dioxide (CO,) AO cicitha GRR OoItiCd abniecho bed 2.74 Ibs. 
Sulphur Dioxide (SO,) Setetiis at cinie taeieiiorstciawcismene reeks 20% SS 
Steam (HO) ..-+.eeseese cece cece secretes 46 
Nitrogen (N,) as atale Steie Wisic lee eh eraisiata se wiadesa\ers, cetee WeOBM ie 


Neglecting the sulphur dioxide, the dry combustion 
gases contain 18.06%, by volume, of carbon dioxide. 

By combining the carbon dioxide liberated from the 
carbonates in the mix with the carbon dioxide in the 
combustion gases the carbon dioxide in the kiln gases 
may be computed. The curve in Fig. 3 gives the carbon 
dioxide in the dry kiln gases, per cent by volume, for 
different amounts of coal per barrel of clinker and 
“ideal combustion.” 

It is impractical to operate a rotary kiln of the pre- 
sent type and control the air supply so as to have “‘ideal 
combustion;’’ and since it is more economical to have a 
slight excess air rather than too little, the air supply 
should be arranged so as to give free oxygen in the kiln 
gases, rather than carbon monoxide. 

By the use of the curves in Fig. 4, the approximate 
rate which the coal is being consumed per barrel of 
clinker could be determined from an analysis of the 
kiln gases, that is, percentages of carbon dioxide, oxy- 
gen and carbon monoxide in the dry kiln gases. If this 
method is used for checking the amount of coal being 
consumed per barrel of clinker, the curves must be com- 
puted from an ultimate analysis of the coal being used 
and the kiln should be run several minutes without stop- 
ping or making any changes before collecting the gas 
sample. The following examples will explain the use 
of the curves: 


(a) Assume that an analysis of the kiln gases 
gave 24% of carbon dioxide and 2.5% of oxygen. 
Follow along the horizontal line to 24% of carbon 
dioxide, then vertically to 2.5% oxygen. Inter- 
polate between the adjacent coal lines and the 
point (24% CO,, 2.5% O) gives approximately 
112 lbs. of coal per. barrel of clinker. 

(b) Assume that an analysis of the kiln gases 
gave 26.5% of carbon dioxide, 1% of carbon mon- 
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oxide and .5% of oxygen. Follow along the hori- 
zontal line to 26.5% of carbon dioxide, then ver- 
tically to 1% of carbon monoxide, then follow an 
imaginary coal line through the point (26.5% 
CO,, 1% CO) to 0 (zero) carbon monoxide and 
then vertically to .5% of oxygen. Interpolate 
between the adjacent coal lines and the point 
26.5% CO., 1% CO, .5% O) gives approximately 
110 lbs. of coal per barrel of clinker. 


If, under (a), the gases had contained carbon monox- 
ide instead of oxygen, the amount of coal per barrel 
of clinker would have been determined the same way 
except that the point would have been located in the 
carbon monoxide section of the curves instead of in the 
oxygen section. 


The observations indicated that it is sometimes neces- 
sary to admit additional air to the kiln or reduce the 
speed of the kiln—reducing the rate of travel of the mix 
through the kiln—although all the combustible in the 
coal is being consumed. There appears to be a certain 
clinker capacity for a given kiln under which conditions 
become balanced. If the capacity is reduced below this 
rate, the clinkering zone will travel back into the kiln; 
but if the capacity is increased beyond this rate, the 
clinkering zone will travel nearer the discharge end of 
the kiln. In the latter case, increasing the kiln coal © 
does not have much effect except to raise the tempera- 
ture of the combustion zone, increase radiation and per- 
haps burn the kiln lining. The trouble is; the kiln 
has become unbalanced—giving too much heat in the 
clinkering zone and not enough in the heating and de- 
composition zones. Under these conditions, excess air 
admitted to the kiln would carry the excess heat from 
the clinkering zone to the heating and decomposition 
zones and stabilize conditions. If too much excess air 
were admitted to the kiln, too much heat would be car- 
ried from the clinkering zone to the heating and de- 
composition zones, unbalancing conditions and causing 
the clinkering zone to travel back into the kiln. Com- 
bustion gases, formed by the coal which supplies the 
heat radiated from the kiln shell surrounding the com- 
bustion zone, act the same as excess air in stabilizing 
conditions. Excess air would be more economical be- 
cause it requires only about 75% of the coal to raise its 
temperature to that of the combustion zone as would be 
required to form combustion gases with equal heat carry- 
ing capacity. The difference represents the heat lost by 
radiation on account of excessive temperature and this 
excessive temperature also causes the reduction in the 
thickness of the kiln lining. If kiln operators would 
admit excess air instead of forcing the fire, kiln linings 
would last longer and less heat would be lost by radia- 
tion. 


The most economical capacity of a given kiln would 
have to be determined by experiment and the total cost 
of production; and when established, the operator would 
find it necessary to use excess air to keep the kiln lin- 
ing from overheating and wearing rapidly. Just how 
much excess air should be used and just how much is 
being used at any given time is beyond the ability of 
any operator to judge from physical appearances in 
the kiln. In such cases it would be necessary to use 
combustion recorders with carbon dioxide, oxygen and 
carbon monoxide attachments. It would not be neces- 
sary to record the percentages of the three gases con- 
tinuously. The percentage of free oxygen in the dry 
kiln gases is of prime importance because it gives the 
amount of excess air admitted to the kiln; and if the re- 
corder could be thrown on to the carbon dioxide and 
carbon monoxide attachments at intervals, the instru- 
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ment would be of great assistance to the operator. The 
practical use of such instruments is feasible and is rec- 


ommended. 
TEMPERATURE OF THE Mix 


From the curves, Fig. 13 and Fig. 14, which give the 


percentages of water in the mix and ignition losses in 
the dry mix, the temperature of the mix for any point 
in the kiln may be obtained. The mix enters the kiln 
at 70° F. and is raised to 212° F. by the time it has 
traveled 4 ft. into the kiln—point where the water begins 
to evaporate. It remains at this temperature until all 
of the water has been driven off—47.5 ft. from the feed 
end of the kiln—when the temperature begins to rise, 
reaching 1650° F. by the time it has traveled 58.5 ft. 
into the kiln—point where the carbonates begin to decom- 
pose. It remains at 1650° F. until all the carbonates 
have been decomposed—81.5 feet from the feed end of 
the kiln—when the temperature begins to rise, reaching 
2700° F., clinkers and then cools to 2160° F. by the 
time it has been discharged from the kiln. Curves giv- 
ing the approximate temperature of the mix are shown 
in Fig. 13 and Fig 14. 
Data 


The following data were observed, assumed or com- 
puted for use in making the heat distributions and heat 
balances: 

Dryerawslmix persparrel Of ClnKeT,, MOS a+ oes) aarce otareeiefolelaicieleisielelore 600 


Wiaterrimithe SlUTFys PELICEMELGT c. cichs slates ciate o vs ole eroherele o ietetelelellsje 45.6 
SILT Va Der Ake! Of CHUNK EL UBS). fc 5.47 oyote) sit tole elalerolsie eieleKel~ ole soisieisie ee 1,103 
Water in the slurry per barrel of clinker, Ibs................... 503 
Clinker per Warvely els.» setts + specs criat oe lsiedorselef duets Meve.aieie’ « (ola etoeisielevens 376 
Clinker per: Kiln: HOUT, WIS F525 6 avsie css aie eyers oo ere e ohorer aj oveja)sisiiecs st eieie) © 20 
CaCo, ln thetdry “raw: Mix, Per \EewMb Joa cca. . slow sols wold b cid oeeele es oe 15 
CaCO, in the dry raw mix, per barrel of clinker, lbs........... 450 
MgCO, TI LHELAT Ys, LAW AIR, «PEM CONE Pi, sisie:e, oveiclevelsiotajelelos aire ePesaxstate 5 
MgcCo, in the dry raw mix, per barrel of clinker. lbs......... bs 30 
Heat required to decompose 1 Ib. of CaCO, BB dey Witererschetsrerenserets 584 
Heat required to decompose 1 lb. of MgCO,, B. T. U............ 384 


co, liberated from the Carbonates per barrel of clinker, lbs.... 213.7 
Temperatures, Degrees Fahr.: 


Slime vee berlin ey aU Nem KAlias orotic lols lolelstolnielovel-iele) sielejereisisiele ° eielefaeonetie 70 
ATP MOT LETTS LHe Ka lINssertte:. late sin cle averetel ate sete sevens srele's clare ore ei sictene 70 
Goalientering ative Kkiltaizs intsciens aciveryseticrie + alseists Sacisenretiae ths 70 
MecompositiomsOL the CarpONat esi iy clers. cle seielejsasielelcle icles sales 1,650 
SONU SEIONZOMET. Heiss eked cla HAS alate ral ia acctallel stenelule Win, cieler geo een ae 8,000 
(Hig ashty | Roa ee oboc Sorc o. CORP EDOLCS, DENT: EICEIOe hts SO riee Mee crc 2,700 
Ghinkerrleavine ey the KUM ..jocohecolsiscie ecc'y setele cl ecorels orerters seven iavere aero 2,160 
Gases leaving the kiln: 
DWV eta PTOCES Se CLUE cto; oye n/c ede icyveuniore ciel’ 6 /ohe/eis cueteritere or oveistece cers 1,100 
WiebsbRrocess si theoreticall, «cc. ciicice cose’. erp eee ssiectan eieree 750 
Drye PLOCESS VACTU Al Hey «ola: dishoteiarsieliareje cfeuerseoyeresyer oinvdyayersielae ohare trove 1,500 
Gases leaving the decomposition zone: 
Wet Process, observed conditions ..........5.c.ccceeceeeees 2,555 
Wet. Process, theoretical conditions ....................005- 2,660 
Dry Process, theoretical conditions..............scccceesees 2,180 
Specific Heats: . 
CALDONT CLOKIG Cae crete ca tete Foye col sient iris' s ava iss elcrstal ayanstanete -1900 + .00012t 
Superheated steams tyres slots creel he sand vista oe e lb r ened 463 
DIY gage Vs UAL see orto cvePods Cot) sicyals (oh. dco avoyaheww’ a aiecen Bio oO ee tee .206 
Wnburntrclinker™ectmer ean chee cee re erectile oe ate eee .180 
Climber nat fevetesriatl oraposrsstacice, thafota a piore ceskeas of) 6. 2/Shaisi ete) FA ee 246 
oo pmetice gases -2364 + .0000476t 
MINE Malis tel loldievelnr e¥0V0'e obal¥io, esyere bictaltie eels: eleierste tere died eiere'c +2336 : 0 
Heat perl yOf icoaleas tired silat inne soemectenerina ace is (eta 


F., Be Les. == 18.160 == 11.25.9685) Sc 1,100 — 70) = 10,1 
Heat available per lb. .of coal with the te aiiaction pales at ae 

1,500 F., Boece U., =) 18,160 1h) erase (1,500 — 70) = 8,790 
Heat available per lb. of coal with the combustion gases at 

8,000 F., BT. Us, =" 183160) — 11.2 S@. 3300 xX (8,000 — 70) = 8,030 
Heat required to vaporize 1 lb. of water and raise the steam 

to 750 F., Bets) Wes = 970.4 + 142 + .468 K (750 — 212) = 1361.8 
Heat required to vaporize 1 lb. of water and raise the steam 

to 1,100 Hembsels, Wk, == 070-4 + 142 + .463 X (1100 — 212) = 1527.5 
Execesspairepersbbl, of) clinker tbsaieeeesctes. ccs Hee Joe 800 


Heat ReQuireEMENTS 


The following computations give the heat requirements 
per barrel of clinker for each change in the mix: 


Heat required to vaporize the water in the slurry and raise the 
Steam ton7o0) b.,eb. we) ie) == 008 < 1,861.5) — 


) 1 ‘ 684,755 
Heat required to vaporize the water in the slurry and raise the 


steam to 1,100° F., B, T. U., = 508 X 1,527.6 = Z 765,000 
Heat required to raise the dry mix from 70° F. to 1,650° F., 
B. T. U., = 600 XX. 206 X (1,650 —:70) = , 195,000 


Heat required to decomposé the carbonates, B. T. U.: 
CaCo, = 450 X 784 = 


MgCO, = 30 X 384= 


352,320 
11,520 364,320 
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Heat required to raise the CO,, liberated from the carbonates, 


from 1,650° F. to by ei Aes = , 
213.7 X .4606 X (3,0 — 1,6: = 
Heat required to raise the Co,, liberated from the carbonates, 
from 1,650° F. to ae pa aan Ue 
213.7 X .4420 X ’ => Ks = 
Heat required to raise the CO,, liberated from the carbonates, 
from 1,650° F. to 2,660° F., B. T. U., = ; 
2138.7 X .450 X (2,660 — 1,650) = 
Heat required to raise the Co,, liberated from the carbonates, 
from 1,650° F. to 2,180° F., B. T. U., = 
213.7 X< A211 X (2,180 — 1,650) = és 
Heat required to raise the excess air from 70° F. to 3,000° F., 
B. 'T. U.,/= 300 X< .268. x 7(8,000 — 70) = 
Heat radiated from the kiln shell and hood, B. T. U.: 
From the combustion zone ........- Be pte cralebie nie 045000) 
From the heating zone ........-+.+++++ Dacsveracloreree dalepo tO; 400.m 1405000 


183,000 


85,500 


97,000 


47,600 
235,000 


Heat recovered from the clinker in cooling from 2,700° F. to 


P1G0o Mel as 10 6 en 2 0G (2,700 — 2,160) = 50,000 
Heat recovered from the CO,, liberated from the carbonates, 
in cooling from 2,555° F. to 1,100° F., B. T. U., = 
213.7 X .408 X (2,555 — 1,100) = 126,800 
Heat recovered from the CO,, liberated from the carbonates, 
in cooling from 2,660° F. to 750° F., B. T. U., = 
213.7 X .874 X (2,660 — 750) = 152,700 
Heat recovered from the Co,, liberated from the carbonates, 
in cooling from 2,180° F. to 1,500° F., B. T. U., = 
213.7 X .421 X (2,180 — 1,500) = : 59,900 
Heat recovered from the excess air in cooling from 3,000° F. to 
1,100° F., B. T. U., = 800 X .280 X (8,000 — 1,100) = 156,000 


The above quantities were computed for specific 
cases; but by using the proper variables, curves could 
be developed to cover the heat requirements for any 
case. The proper quantities could then be obtained 
from the curves for making a heat distribution and heat 
balance for any given case. 
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Fic. 6—Curves Givinc tHe Excess Arr 1n Kitn Gases PER 
Barret or CLINKER For Various PEerceNTAGES OF OXYGEN IN 
THE Dry Kitn Gases 


The curves in Fig. 5 give the heat required per bar- 
rel of clinker to heat and vaporize the water in the slur- 
ry and superheat the steam formed to the temperature of 
the gases leaving the kiln for different percentages of 
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water in the slurry and temperatures of the gases leav- 
ing the kiln. 

The curves in Fig. 6 give the excess air per barrel of 
clinker for different percentages of free oxygen in the 
dry kiln gases and amounts of coal per barrel of clink- 
er; and the curves in Fig. 7 give the heat carried off 
by the “excess air per barrel of clinker for different 
amounts of excess air per barrel of clinker and tempera- 
tures of the gases leaving the kiln. 

The curves in Fig. 8 give the heat loss, B.T.U., per 
barrel of clinker on account of carbon monoxide in the 
kiln gases for different percentages of carbon monoxide 
in the dry kiln gases and amounts of coal per barrel of 
clinker; and the curves in Fig. 9 give heat loss per cent, 
on account of carbon monoxide in the kiln gas for dif- 
ferent percentages of carbon monoxide in the dry kiln 
gases and amounts -of coal per barrel of clinker. 

The curve in Fig. 10 gives the heat carried off by 
the carbon dioxide, liberated from the carbonates, per 
barrel of clinker for different temperatures of the gases 
leaving the kiln. 

The curves in Fig. 11 give the heat carried off by the 
combustion gases and the heat available for work per 
lb. of coal for different temperatures of the combustion 
gases. 

The curve in Fig. 12, gives the maximum temperature 
of the combustion gases for different percentages of 
carbon dioxide in the dry combustion gases. when all 
the heat of combustion is absorbed by the combustion 
gases or by the combustion gases and excess air. 


Heat Barances AND CoAL REQUIREMENTS 


The following gives the heat balance and coal re- 
quired per barrel of clinker under the observed condi- 


tions: 


Heat carried off by the water, Hf pC eamateve nels cal spstecssey 765,000 
To heat the dry raw mix, B. T. U....... tea aoe 195,000 
To decompose the carbonates. B. UF pA Aer se scatstelsevasns 364,320 
To heat the carbon dioxide, B. T. U.%.........+.08- 85,500 
TGS HULEELNORGCLIHR CTpmEy se Maul lcleigicls/ crete siaiclelels eve @.s/e:anavele 71,000 
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Aim IN THE Kitn Gases PER Barret OF CLINKER FOR DIFFERENT 
Amounts oF Excess Arr per Barret OF CLINKER AND TEM- 
PERATURE OF THE Gases LEAVING THE KILN 


Fic. 8—Curves Givine tHe Hear Loss per BARREL OF CLINKER 
Dur to Carson Monoxine IN THE Kitn Gases FOR DIFFERENT 
PercentaGes OF Carson Monoxine 1x tHe Dry Kitn Gaszs, 
AND Amounts oF COAL PER BARREL OF CLINKER 


To beat: thevexcess (ait, «Bs Le Uta oie nrceite ctincicrisrestete 235,000 
Gioia ghy Techeuetorey 38s 1, Wescconeoocdaeacduoosoons 140,000 
Carried off by the combustion gases, B. T. U........ 455,580 2,311,400 


Recovered from the clinker, B. T. U 
Recovered from the carbon dioxide, B. T. U........ 126,800 


Recovered from the excess air, B. T. U............. 156,000 323,800 
Heatysuppliedebyaburning, Coal eB lm Wis areretsiove leis sleteierel stcieiaiet: 1,978,600 
Coal, per bbl. of clinker, lbs. = 1,978,600 + 13,160 = 150.35 


The coal consumption during the period covering the 
observations was approximately 160 lbs. per barrel of 
clinker. Therefore considering the moisture in the coal 
as received and the varying quality in a month’s supply, 
the heat balance appears approximately correct. Two 
of the divisions of the heat balance might be questioned, 
namely: Heat recovered from the clinker and Heat radi- 
ated, It would be rather difficult to determine the exact 
amount of either, especially with the instruments avail- 
able in a cement plant; but a large error in the former 
would not affect the final results materially and the lat- 
ter was practically determined by differences, that is, 
the other divisions were computed and then knowing 
that about 150 lbs. of dry coal were consumed per bar- 
rel of clinker, heat not otherwise accounted for was as- 
sumed to be radiated. 


The following gives the heat balance and coal re- 
quired per barrel of clinker for a kiln operating under 
the wet process and theoretical conditions, that is, elim- 
inating excess air and radiation and assuming that the 
gases leave the kiln at 750° F.: 


Heat carried off by the water, B. T. U.............. 684,755 
Torhneavrthe Aly RAW ky) Bb, LeU ss «re eseresatenneurein eras) « 195,000 
To decompose'the carbonates, B. T. U.:............. 864,320 
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To heat the carbon dioxide, B. T. U......eeseereees 97,000 
To burn the clinker, B. T. U......c.cccsccsscssecoes 71,000 
Carried off by the combustion gases, B. T. U........ 204,055 1,616,130 
Recovered from the clinker, B. T. U........---5++++ 50,000 
Recovered from the carbon dioxide, B. T. U........ 160,250 210,250 
Heat supplied by burning coal, B. T. U.........eeeeeeesecres 1,405,880 
Coal per bbl. of clinker, lbs. = 1,405,880 + 13,160 = 106.83 


The following gives the heat balance and coal re- 
quired per barrel of clinker for a kiln operating under 
the dry process and theoretical conditions, that is, elim- 
inating excess air and radiation and assuming that the 
gases leave the kiln at 1500° F. (The gases leave the 
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kiln at approximately 1500° F. when the kiln is operat- 
ing under normal conditions ) : 


i 5,000 
To heat the dry raw mix, B. T. U...ee-sseereeceerees 195, 
To decompose the carbonates, Bae Dek Ula eres atelstetovelsl leleletors 364,320 
To heat the carbon essa Be WEI ere wre cletaryioreis ote. sie/sisvels ihe 
burn the clinker, B. T. U.....++-eeceeseececeeesers ; 
eee off by the combustion gases, B. T, U.......-+- 282,400 960,320 
overed from the clinker, B, T. U......+-ssseeseees 50,000 
perc from the carbon dioxide, B.-T. U........+. 59,900 109,900 
i i 420 
Heat supplied by burning coal, B. T. U....-+ssseeeeeeeeeseeers 850, 
Coal per bbl. of clinker, lbs. = 850,420 + 13,160 = 64 


Heat DistrRisuTion 


Under Heat Requirements and Heat Balances and 
Coal requirements the heat required for each change in 
the mix and coal required per barrel of clinker have 
been computed. These requirements have been plotted 
on Fig. 13 and Fig. 14 so as to show the sections of the 
kiln where the heat for each change in the mix is re- 
quired. Fig. 13 gives the heat distribution for a kiln 
operating under the wet process and observed condi- 
tions, and Fig. 14 gives the heat distribution for a kiln 
operating under the wet process and theoretical condi- 
tions. 

The net total heat required in the clinkering zone per 
barrel of clinker for a kiln operating under the ob- 
served conditions is as follows: 


oe burn thesclinker! (B. woe Wasser clemie otowlaiiere 71,000 
To heat the excessvair, Bo Po U)cicccs ces tticce 235,000 
To; supply: radiation; Be Wi. U's esis ersie ere tere) stelova 57,000 863,000 


Recovered from the clinker, B. T. U.......:...e.eeees 50,000 313,000 


which is equivalent to 313000—+3030—103.30 lbs. of 
coal. This indicates that of the 150.35 lbs. of coal re- 
quired per barrel of clinker, 103.30 lbs. would be burned 
in the clinkering zone and 150.35—103.30—=47.05 lbs. 
burned in the decomposition zone. Assume that the 
carbon dioxide, liberated from the carbonates, was heat- 
ed to the temperature of the combustion zone, 3000° F., 
then the heat required in the decomposition zone would 
be as follows: 


To decompose the carbonates, B. T. U...........ce00. 364,320 
To heat the carbon dioxide, B. T. U 
To supply radiation, B. T. U 


The 47.05 lbs. of coal which were burned in the decom- 
position zone has 47.05 3030142560 B.T.U. avail- 
able for work; therefore, 142560~+530320—23% of the 
work in the decomposition zone was done by direct heat 
of combustion. The clinkering zone is 18.5 ft. long and 
the decomposition zone is 23 ft. long; therefore, the 
combustion zone is 18.5-++-23X.23—23.79 ft. long. 


Referring to the heat requirements, it will be noticed 
that under the observed conditions, the only items in 
which savings are possible are those affecting radiation, 
excess air, and temperature of the gases leaving the kiln. 
Radiation has been divided into two parts, namely ; 
64600 B.T.U. radiated from the combustion zone and 
75400 B.T.U. radiated beyond the combustion zone. The 
heat radiated from the combustion zone is supplied by 
burning 64600—3030—21.32 lbs. of coal; and the heat 
radiated from the section of the kiln beyond the com- 
bustion zone is supplied from the sensible heat of the 
combustion gases formed by burning the 21.32 lbs. of 
coal. The heat available in the combustion gases is 
21.32X 11.2 .331X (3000—1100)—150250 B.T.Us but 
only 75400 B.T.Us are required for radiation; therefore, 


150250—75400 — 74850 B. T. U. are available for 
work, 


The excess air takes up 235,000 B.T.U. in the com- 
bustion zone which requires 23500—3030—77.55 lbs. of 
coal, producing 77.55<11.2—868 lbs. of combustion 
gases. The available heat in the excess air and the 
combustion gases formed by burning the 77.55 Ibs. of 
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coal for work beyond the combustion zone is (300.280 
+868 X.331) X (3000—1100) 443000 B.T.U. 

Referring to the two preceding paragraphs, it will be 
noticed that 21.32 lbs. of coal per barrel of clinker are 
required to supply the heat radiated from the combustion 
zone and 77.55 lbs. of coal per barrel of clinker are re- 
quired to heat the excess air. This coal contains 13160 
x (21.382-+77.55)—=1300000 B.T.U., but only 74850+- 
443000517850 B.T.U. are available for useful work. 

If excess air and radiation were eliminated and the 
gases leave the kiln at 750° F., it would require 106.83 
Ibs. of coal per barrel of clinker. Of this amount, 
(71000—50000) +3030—6.93 lbs. would be burned in 
the clinkering zone and 106.83—6.93—99.90 lbs. in the 
decomposition zone. Assume that the carbon dioxide, 
liberated from the carbonates, is heated to the tempera- 
ture of the combustion zone, 3000° F., then 364320-+- 
133000497320 B.T.U. would be required in the de- 
composition zone. The 99.90 Ibs. of coal contain 302697 
B.T.U. available for useful work; therefore, 303697~ 
497320—60.8% of the work in the decomposition zone 
would be done by direct heat of combustion. The clink- 
ering zone is 18.5 ft. long and the decomposition zone 
is 23 ft. long; therefore, the combustion zone would be 
18.5-+23X.608==32.5 ft. long. It would probably be 
impractical to burn clinker with a flame 32.5 feet long; 
therefore, it would be necessary to shorten the flame, 
burn more coal and either radiate the direct heat of 
combustion or admit excess air to carry the direct heat 
of combustion beyond the combustion zone. Excess air 
would be more economical. 

The gas temperature curves in Figs. 13 and 14 were 
computed from heat balances for the sections of the 
kiln where changes in the temperatures are indicated ; 
and have no relation to the temperature curve obtained 


by the pyrometers. 
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Discussion 


In the foregoing the terms “ideal combustion” and 
“direct heat of combustion” have been used freely. The 
meaning of these terms may be rather indefinite. In 
the use of the former, reference is made to the burning 
of a mixture of coal and air, proportioned so that the 
combustion gases will not contain either free oxygen or 
carbon monoxide; and in the use of the latter, reference - 
is made to the heat available after the combustion gases 
have been heated to the required temperature. 

Referring to the curve in Fig. 12, it will be noticed 
that for “ideal combustion” and when all the heat of 
combustion is absorbed by the combustion gases, the 
maximum flame temperature would be about 3700° F. 
If it is desired to maintain a flame temperature of 3000° 
F. in the combustion chamber, the heat which would be 
required to raise the combustion gases from 3000° F., to 
3700° F. would be called the “direct heat of combus- 
tion.” And if there were not enough external work to 
be done to absorb the “direct heat of combustion,” ex- 
cess air would have to be admitted to absorb the excess 
heat or the said heat would have to be radiated from the 
walls of the furnace. The work in the combustion zone 
of a rotary kiln does not consume all of the “direct heat 
of combustion;” therefore, excess air must be admitted 
to carry the excess heat beyond the combustion zone of 
the said heat must be radiated from the kiln shell sur- 
rounding the combustion zone. ° 

In computing the heat requirements and making the 
heat balances, the heat required to melt the mix and 
the heat of formation of the lime, alumina and silica 
compounds were not considered; and.since the available 
information indicates that the latter is greater than the 
former and they are*of opposite signs, it might be ad- 
visable to exclude them from consideration until physic- 
ists have determined the exact value of each. In fact, 
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the statement that the mix melts might be questioned 
since alumina melts at 3722° F. and silica melts at 3452° 
F., but the mixture of lime, alumina and silica might 
melt at a lower temperature than either on the same 
principle that salt mixed with ice lowers the melting 
point of the ice. If the heat of formation is greater 
than the heat required to melt the mix, excess air would 
have to be admitted to carry the excess heat beyond the 
combustion zone, or the excess heat would have to be 
radiated from the kiln shell surrounding the clinker- 
ing zone. 

It will be noticed from the foregoing, that a short 
flame, in the ‘‘wet process” does not distribute the heat 
where required without radiating part of the direct heat 
of combustion or admitting excess air to carry the heat 
which would be radiated from the kiln shell beyond the 
combustion zone. Radiation and excess air lowers the 
efficiency of the kiln; therefore, the kiln should be in- 
sulated against radiation, excess air should be eliminated 
and the burner should produce a long flame and at the 
same time give the highest’ temperature in the clinker- 
ing zone. 

The writers were informed, by a representative of a 
manufacturer of insulating materials, that one of the 
large cement companies had placed two orders with his 
company for materials to insulate kilns. At the time 
of placing the first order, it was proposed to insulate 
the section of the kiln beyond the clinkering zone only; 
but at the time of placing the second order, it was pro- 
posed to insulate the kiln the entire length. The main 
difficulty in insulating kilns has been the lack of satis- 
factory materials; but the fact that the purchaser placed 
a repeat order indicates that satisfactory materials may 
be available. The fact that the kiln was not insulated 
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around the clinkering zone confirms the statement made 
heretofore that heat must be radiated from the combus- 
tion zone or excess air must be admitted to carry part of 
the direct heat of combustion beyond the combustion 
zone, It would be interesting to know the results ob- 
tained after insulating the kiln the entire length. If the 
lining of the kiln did not wear rapidly, an analysis of 
the kiln gases no doubt, would have indicated excess air. 

A single flame burner with a flame 32.5 ft. long 
would not have its hottest point in the first 20 ft. of the 
kiln; therefore, if the foregoing computations and con- 
clusions are correct, an attempt should be made to de- 
sign a burner which would give the desired flame. Thom- 
as A. Edison was granted a patent some time ago cov- 
ering a double flame burner; but hisgmain claim cov- 
ered a possible increase in the length of the clinkering 
zone with a possible increase in the capacity of the kiln. 
Compressed air was used to carry the coal into the 
kiln; and instead of producing a long and a short flame, 
two long flames were probably produced. It is under- 
stood that a double flame burner was installed at the 
Edison Portland Cement Company’s plant and that the 
capacity of the kiln was increased from 27 to 42 bbls. 
per hr., but that it was very difficult to control the tem- 
perature of the kiln. 

The writers are of the opinion that it is possible to 
design a double burner which would produce a long and 
a short flame at the same time which would be under ab- 
solute control of the operator. Such a burner would 
make it possible to insulate a kiln the entire length and 
keep excess air to a minimum. If this could be accom- 
plished it would mean a saving of at least 25% of the 
coal now being used for burning cement clinker—reduc- 
ing the cost of cement and conserving the coal supply. 


New Cann Plant for Iowa 


Plans have been completed and preliminary work 
started on the proposed wet process cement plant to 
be erected about two miles outside the city limits of 
Dubuque, Iowa, for the Globe Portland Cement Co. 


Lime rock and shale will be used as the principal raw 
materials. An ample supply of high quality materials 
are to be found in the vicinity, and transportation fa- 
cilities are good. Information has been submitted to 
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(1) Incoming raw ma- 
terial track, 70) ft. 
above outgoing 
tracks; (2) Gypsum 
dump and _ storage; 
(3) Coal dump and 
storage; (4) Lime 
rock dump and ‘stor- 
age; (5) Shale dump 
and storage; (6) 
Crushed rock dump 
and storages (7) 
Crushers and pulver- 
izers; (8) Raw mate- 
rial and coal storage; 
(9) Wet grinder 
building; (10) Slurry 
storage and mixing 
tanks; (11) Coal 
dryer and pulvreizer 
building; (12) Dust 
collecting and potash recovery; (13) Kiln building; 


Bagging department; (22) Office and laboratory; (23) Dock on Mississippi river; 


Main line C., M. & St. P. Ry. 


(14) Burner building; (15) Clinker coolers; 
age; (17) Clinker hoppers over grinders, gravity feed; (19) Air separator building; (20) Cement ‘storage tanks; (21) 


(16) Clinker stor- 


(24) Cement loading tracks; (25) 


‘ May, 1922 


CONCRETE 


the officials of the company by engineers and chemists 
showing that the supply of materials from which the 
cement will be made is sufficient to last for about 100 
years. 

The convenience of four railroads and the Mississippi 
River will mean an economical advantage to the new 
company when actual shipping operations are started. 
The territory which the Globe Co. expects to serve will 
include Wisconsin, Minensota, northwestern Illinois and 
northeastern Iowa. 

The plant will be located on the side of a bluff slop- 
ing to the Mississippi River, and the gravity system will 
be used largely in handling the material. Raw materials 
will be brought in on the supply track at an elevation 
approximately 70 ft. above the main tracks. The dump 
and storage reservoirs will be located along the supply 
track and the gravity power system is expected to add 
to the economy of operating. 

A gypsum dump and storage will have a capacity of 
2,000 tons. The coal dump and storage a capacity of 
2,500 tons, and the lime rock dump and storage and the 
shale storage will have a capacity of 2,000 tons each. 
In addition there will be a crushed rock dump and stor- 
age of 2,000 tons capacity. 

The crushers and pulverizers will be fed by gravity 
and will discharge by gravity. The raw material and 
coal storage will be 70 ft. x 480 ft., and will be served 
by a traveling crane for distributing the material. The 
building containing the wet grinding equipment will be 
66 ft. x 88 ft., and the slurry storage and mixing tanks 


will have the capacity of 6,000 bbls. 

Dust collecting and potash recovery equipment will 
be located at the end of the shale building, the main kiln 
building being 44 ft. x 260 ft. From the kilns the 
clinker will pass to the clinker coolers, having a gravity 
discharge, and then be transferred to a clinker storage 
60 ft. x 270 ft. Clinker hoppers will be built over the 
grinding equipment so as to feed the machines by 
gravity. Between the clinker grinders and the cement 
storage tanks an air separator building is provided for, 
and a battery of silo tanks will provide a storage for 
250,000 bbls. of the finished product. 

Between the storage tanks and the cement loading 
tracks the bagging will be done in a building 40 ft. x 
180 ft., with four shipping exits. 

The officers of the Globe Portland Cement Co., incor- 
porated under the laws of the state of Minnesota with 
a capital of $5,000,000, are: 

J. L. Neddersen, president, Minneapolis, Minn.; F. P. 
O’Malley, treasurer, St. Paul, Minn.; H. L. Johnson, 
secretary, Des Moines, Ia.; F. M. Miner, vice-president 
and counsel, Minneapolis, Minn. 

Other directors of the company are: D. A. Wallace, 
St. Paul, Minn.; O. H. Diercks, St. Paul, Minn.; R. M. 
Johnson, Minneapolis, Minn.; Leo F. Jaeger, Dubuque, 
Iowa. 

Executive offices are at 416-18 McKnight Bldg., Min- 
neapolis, Minn. Plans for the plant were prepared 
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Segregation 


As It Applies to Tanks as Segregating or Mixing Devices 


By Cuaries Catrietr 
CHEMIST AND GEOLOGIST 


The following article sets forth the results of 
some original investigations of a chemist engaged 
by the author and whose time was given exclusively 
to the making of continuous experiments in con- 
nection with segregation, more especially as it is 
a factor in the manufacture of portland cement. 

The author found, when his attention was called 


to the question, that practically no data was avail- 
able on the subject, although it is believed that the 
question of segregation is probably among the 
most important ones before the manufacturers of 


portland cement. This paper is, no doubt, the 
start of a most valuable line of investigations.— 
Epirors. 


When solids, in a greater or less state of subdivision, 
are agitated together in such manner that the particles 
have some freedom of movement, there is a tendency to- 
wards mixing or uniformity up to a certain point, de- 
pending on many factors, and if, momentarily, or in 
parts of the mass, a more perfect mixture should exist, 
the tendency is again towards segregation or separation. 
This also depends upon many factors. Apparently the 
principal features affecting segregation are size, specific 
gravity, shape and chafacter of the surface of the par- 
ticles. One of these factors may tend to carry a par- 
ticle in one direction, and another in the opposite direc- 
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tion, and the resultant may be a tendency to remain 
in close association with its surroundings. The tend- 
ency is for those particles which have the same resultant 
of the above characteristics to come together, and that 
means a segregation from, or separation from, the other 
particles. This tendency is an obstacle to uniformity, 
and, when such may be obtained, immediately proceeds 
to destroy it. 


As uniformity is the most essential factor in all opera- 
tions in which material may be in any way mixed to- 
gether, such limited study as I have given to the subject 
leads me to think that no more important question can 
be brought before engineers and manufacturers, and I 
do se in the hope that others more worthy may devise 
methodfs for exorcising this evil spirit of segregation 
and for freeing us in part at least from its malign 
influence. 

The characteristics which seem to have the most influ- 
ence in producing segregation are physical, and have 
nothing to do with chemical composition, so that if large 
and small particles have the same, or very similar an- 
alyses, a mixture. may segregate greatly and yet the 
parts may show very little variation from a chemical 
standpoint. But usually materials which differ in shape, 
size, specific gravity and’ surface also differ greatly 
chemically. 

In the hope of finding at least some general rules 
or laws bearing on the subject, materials were taken 
which could be handled easily and which gave good 
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promise of disclosing definite tendencies, and the tests 
referred to in this paper which have been carried on 
for several months have been confined entirely to two 
sizes of sand, though they have been supplemented by 
parallel tests on other materials. One sand was that 
used in cement testing with white well rounded smooth 
grains, passing through a 20-mesh sieve and retained 
on a 80-mesh sieve. The other was ordinary brown 
building sand, passing 40-mesh and retained on 60- 
mesh. The diameter of the brown sand might, roughly, 
be considered as half of the diameter of the white, and 
the volume of each brown particle might be considered 
as approximately one-eighth of a white particle, and in 
the same weight of the two, there were eight times as 
many brown particles as white particles. Loosely 
packed, the brown sand occupied about 14% more space 
than the white sand. 

Preliminary experiments showed that it was practic- 
ally impossible to get an uniform mixture with such ma- 
terial in any proportions. Or, it was impossible to get 
a mixture in which any one-tenth or one-twentieth part 
of the whole might be expected to agree closely with any 
other one-tenth or one-twentieth part.. The most per- 
fect mixture which was gotten was obtained by filling 
a small glass tank (made from a bottle 8 in. high and 
314 in. in diameter), with very thin alternate layers of 
brown and white sand, the amounts being weighed and 
carefully distributed as well as possible over the entire 
surface. As close a mixture as possible having been 
obtained in this way, it then seemed desirable to find out 
how complete a separation could be made by agitating, 
pouring and dry panning. 

In carrying out these preliminary tests a mixture of 
the sand was first made in the proportion of 85% by 
weight of the larger sand and 15% of the smaller sand. 
This was separated by rolling and panning until 55% 
of the whole was withdrawn from the mixture; which 
55% consisted of 99.2% of the large and only .8% of 
the small sand. The balance (45%, of the whole) con- 
sisted of 67.5% of large and 32.5% of small sand. Or 
it is possible, under these conditions, to withdraw a large 
amount of the total mixture (more than one-half) con- 
sisting of the larger sand practically free from small 
sand. What is left is of course not uniform; but appa- 
rently no further complete separation could be brought 
about by these means. This test was repeated many 
times, and always with similar, but in no case closely co-, 
ordinate, results. 

Tests were also made with a mixture containing 85% 
of the fine sand and 15% of the coarse. It was found 
that it was practically impossible to get any consid- 
erable sample of fine sand free from the coarse sand. 
The action in this case is different from what it is when 
the coarse sand is in excess, but it was possible to with- 
draw 31% of the whole, of which 60% was small and 
40% was large; and there was left 69% of the whole, 
of which 96% was small and 4% was large. 

It was not possible to make as complete and perfect 
separation when the fine sand was in excess as it was 
when the coarse was in excess, 

When the proportions approach equal weights, and 
the volume of the fine sand is somewhat in excess of 
the volume of the coarse.sand, it does not seem possible 
to completely separate any considerable portion of either 
sand from the other by shaking, even though a variation 
in the mixtures may be clearly evident to the eye, As 
segregation is mainly due to size, it would seem de- 
sirable, as is quite generally recognized, that materials 
should be reduced to approximately the same size before 
mixing. To produce a theoretically perfectly divisible 
mixture, the material forming the smaller proportion 
should be so fine as to give the same number of particles 
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as the material forming the larger proportion. For in- 
stance, if there is 90% of one material and 10% of an- 
other material, the latter should be divided so as to be 
one-ninth of the size of the former. As opposed to this 
is the fact that this subdivision, which permits a more 
perfect mixing, at the same time would produce, owing to 
a difference in size, an increased tendency towards seg- 
regation. 

An illustration as to the effect of possible segrega- 
tion, as it may apply to a cement mixture, follows: 

Suppose a cement mill quarry carries stone which 
varies in calcium carbonate contents from 71.2% to 90%. 
Suppose it is desired to get a mixture of 74%, and sup- 
pose we take the extreme ranges of composition: 


(1) 85 parts of 71.2% TOCK.. 63... veceseccveveveeccessncces 60.50% 
15, parts Of, GOT MLOCK <\ciche, oc etilels ase) otsla’a/etstesnehsielei<)siele fone 13.50% 
74.00% 


Now suppose that by mistake, or intention, we only 
use half as much of the purer rock as we should, and 
replace it by the same amount of the leaner rock, we get 
the following equation: : 


(3)P 02.5 parts Of W712 WOCKs aercisiete alec acclolaletolelcreleteioiier teiciste 65.85% 
7.5. parts Of 90 TowiVOCKaiereieve/osreieralcinsi>\te)eiere! tals ais tts, siete 6.75% 
72.61% 


The amount of calcium carbonate only differs from 
the standard by 1.89%, though there has been used but 
half as much of one stone as should be used. 

Now, taking the same mixture, which averages the de- 
sired amount of lime carbonate, and assume that owing 
to the difference in chemical composition the stone which 
is smaller in amount is also softer and breaks up into 
smaller pieces, so that the diameter of the particles is, 
roughly, one-half of the diameter of the particles of 
leaner material. We have shown that by merely shaking 
and segregating such a mixture it may be divided into 
two parts, one (55% of whole) carrying 99.2% of 
coarse, and .8% of the fine; and the other 45% of the 
whole carrying 67.5% of the coarse and 32.5% of the 
fine. Or by segregation we could get two portions rep- 
resented by the following equations: 


(BYRDS OCC T1.9 ae ee ee ae 
BM 00b Seco nee ee ea 72 
71.35 
and— 
(4). 2 OTB SCORL 2 eee. ec as See eee eee at 47.36 
82.51 S090 wees ns tos cea AP cee hale ee 29.25 
76.61 


Hither varies from the desired amount more greatly 
than the variations caused by leaving out one-half of 
one of the ingredients. Of course, where there is no 
difference in chemical composition between the large 


and the small particles, the bad effects of segregation are. 


less apparent, unless the difference in size is in itself 
objectionable, as is the case of the difference between 
lump coal and fine coal. But in nearly all cases there 
is a difference in composition between the larger and 
the smaller particles, and unless one has actually deter- 
mined this difference, it is impossible for him to realize 
what segregation can do to him. It will often be found 
that the segregation due to passing material through a 
mill will give a greater variation in grab samples than 
differences due to the variations in the way in which the 
face of a quarry or mine is worked. 

In the handling of dry material through a mill, where 
it may be crushed, transported, dried, ground and stored, 
and of which a portland cement mill is a typical example, 
there is commonly a greater or. less storage in bins or 
tanks between each operation. Every time the material 
is moved or handled in any way there is a chance for 
segregation, or rearrangement of the proportion of the 
particles; but it seems of peculiar interest to consider 
the effect of tanks as segregating or mixing devices. 
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A circular glass tank was provided which was 8 in. 
long and 31 in. in diameter, through the sides of which 
the movement of the material could be observed. 

This tank having been filled with two kinds of sand 
in thin alternate layers, the mixture was drawn from 
the bottom in small portions (which represented in all 
cases from 1/12 to 1/28 of the entire amount in the 
tank), which were weighed and separated by sieving. 
These tests were repeated many times. 

The shape of the bottom of the tank was varied and 
the mixture was drawn through openings which in the 
several tests differed in number and size. Every slight 
change produced some difference in the result, and the 
balance was so delicate that it was almost impossible to 
get closely co-ordinate results with any two tests done 
in apparently exactly the same way; but in general 
a well defined tendency or rule of segregation was shown. 

Assuming that the tank was uniformly filled with thin 
-alternate layers of coarse and fine sand, the first sample 
taken from the tank would contain an excess of either 
the fine or coarse sand, depending upon which layer 
was put in first. The last that was drawn from the 
tank invariably carried an excess of the fine material 
incidental to this material lagging behind and settling 
down to the sides of the tank. But ignoring these first 
and last samples and assuming that the tank is full of 
approximately uniform material, there might properly be 
said to be a gradual decrease from a maximum of coarse 
material, in the first half that was drawn, to a minimum 
of coarse material in the last half that was drawn; and 
the change roughly from an excess of coarse to an excess 
of fine always took place when the tank was approzi- 
mately half empty. 

A typical result when these materials were used in 
equal proportion by weight, distributed uniformly in 
layers in the tank and drawn through a single hole in the 
bottom, as described, is shown in Test 1. Holes differ- 
ing in size were tried, and also differing in number. 
When three holes were put in the bottom of the tank, 
from which the material was drawn equally (these holes 
being roughly half way between the circumference and 
the center), the material was seen to mill down at three 
points and the extreme of variation was reduced some- 
what upon the principle of probabilities. But none of 
these methods seemed to modify the general trend as 
indicated above. (Test 2.) 

If two tanks are filled in the same manner, drawn at 
- the same time in equal amounts, which amounts are mixed 
together, there is a very marked decrease in the extreme 
variation or segregation. (Test 5.) But this change 
also simply reduces the probability of two high readings 
of large sand coming together and is not sufficient to 
affect the general tendency for the first half drawn from 
tanks containing uniform mixtures to contain a majority 
of large material. Recognizing this fact, averages were 
made of the lower half of one tank with the upper half 
of an adjoining tank, which still further reduces the 
extreme variations. In other words, if one had two 
tanks filled and had drawn half from one tank before 
starting the second tank, the discharge from the two 
tanks passing into a common conveyor, and had drawn 
the second tank half way down before starting the third 
tank, etc., the extreme variation is considerably reduced, 
of which Test 6 will give an illustration. 

The above tests, however, are all on the assumption 
that the material is uniformly distributed in the tank. 
This was practically impossible by any method I was 
able to employ, except by taking very small portions 
of each sand and carefully distributing it in layers. But 
a very great increase in uniformity can be brought about 
by filling into a tank so that it is scattered all over the 
horizontal surface as it falls. If a belt conveyor carry- 
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ing a stream 18 in. wide and 3 in. thick feeds into a tank 
so that the material is uniformly distributed, it would 
take 470 ft. of the flow to cover a tank 30 ft. in diam- 
eter with a layer 3 in. thick. To do this would be to fold 
the stream on itself every 470 ft. and thus be an enor- 
mous aid to mixing, or regularity, in the tank as a whole. 
It would seem to be reasonable, and was confirmed by 
experiment, that the mere dropping of material into a 
tank at one point produces excessive variation, far great- 
er in fact than the segregation (or mixing) due to with- 
drawing uniformly mixed material from a tank. In fact, 
this is the most serious cause of segregation, and every 
effort should be made to avoid it. (‘Tests 7, 8, and 9.) 

When material is drawn from a tank, you get the 
resultant of the segregation (or mixing) due to filling, 
and the segregation (or mixing) due to drawing. The 
following test will illustrate this: The sands were put 
in a bottle in equal weights and mixed as thoroughly as 
possible by irregular agitation. It was evident to the 
eye that this mixture was imperfect. When it was 
drawn from the inverted bottle through a hole in the 
cork, it was evident, from our former tests, that a second 
change or segregation took place. When the stream 
dropped into the tank, another and probably the most 
serious segregation took place. It is most unfortunate 
that we should commonly, by our method of filling tanks, 
deliberately separate or segregate the materials. 

If material is allowed to fall perpendicularly in the 
center of a tank, a distinct and definite form of segrega- 
tion takes place. (Test 8.) The fine material collects 
in a vertical column in the center. 

If the material is allowed to fall perpendicularly 
down one side of the tank, another very marked change 
is shown in the form of segregation. As before, the 
condition is the same all the way up the tank, and the 
fine material not only sticks to one side of the tank, but 
builds up on one side of the tank, while the coarse mate- 
rial flows to the other. (Test 7.) 

If the tank is filled by a chute, commencing at one 
side of the top of the tank, inclined at such an angle 
that the material approximately will strike the opposite 
side of the base when the tank is empty, it is obvious 
that, as the tank fills, the point: of deposition is continu- 
ally changing and the slope of the deposited material is 
first in one direction and then in the other. It was hoped 
that this method of filling would be an advantage. But 
the results were disappointing. (Test 9.) The result 
of this method of filling seemed to be sufficient to reverse 
the tendency for an excess of the coarse material to be 
found in the first half drawn from the tank, and numer- 
ous experiments showed that, under these conditions, the 
bulk of the first half drawn from the tank contained an 
excess of the fine material, and the bulk of the second 
half drawn from the tank contained an excess of the 
coarse material. While this reversal was shown 
for this method of filling, the tendency for the 
first half drawn from the tank to be systematically dif- 
ferent from the second half was maintained, so that 
again in drawing tanks, which have been filled in the 
same manner, the greatest possible aid to uniformity 
would be to draw from a half emptied tank and a full 
tank simultaneously, and when the second tank had been 
half emptied, to commence on a third. 

The diagonal method of filling, however, seemed to 
lesson the danger of extreme variation in successive 
samples, as would naturally be expected from a consid- 
eration of the way in which the point of deposition is 
continually changing in a horizontal line. 

All of these forms of segregation, due to filling, can 
be very largely avoided by scattering or distributing 
the stream over the tank. 

A change in the shape of the bottom of the tank in- 
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stantly showed some change in the character of the seg- 
regation due to drawing. A cone bottom, with sides 
very much steeper than the~natural slope of the mate- 
rial, seemed to extend the movement down the center 
through a larger range and aided in mixing, or reduced 
the segregatian. The effect of differently shaped bot- 
toms is illustrated in Tests 11 and 12. 


As has been pointed out above, drawing from any tank 
produces segregation. If drawn from two openings at 
once, on the law of probabilities, the variation in sepa- 
rate samples is reduced. If drawn from two tanks at 
once, it is still further reduced. If drawn from a full 
tank and a partially emptied tank at.the same time, the 
variation is still further reduced. But these aids to uni- 
formity are subordinate to the segregation produced by 
dropping material into a tank. When it is realized that 
tanks may be 50, 60, or 80 ft. high, the chances for 
excessive variation due to the method of filling must be 
recognized. This can be largely overcome by distribut- 
ing over the horizontal surface of the tank as it is filled. 


Based on these tests, it was concluded that the most 
perfect use of tanks to reduce segregation and cause 
them to act as mixing devices would be to distribute the 
material uniformly over the horizontal surface of a tank; 
to draw from two tanks at the same time; to draw from 
the bottom of one tank while drawing from the top of 
another; and to refill the tanks before they got quite 
empty. 

What seems to be a new and valuable modification of 
this is to divide a tank into two or more divisions by a 
longitudinal partition which stops far enough above the 
discharge orifice to insure perfectly free movement in 
either division. Such a tank with three divisions was 
tried out with quite satisfactory results, of which the 
following is a description: 


The sands in equal amounts by weight were mixed in 
a bottle by agitating and marked segregation was visible 
to the eye. The bottle was inverted and the mixture 
allowed to flow out through a hole in the cork. Un- 
der such circumstances, as was shown by the former 
test, many portions coming from the bottle would show 
a variation of over 20% from the average in terms of 
the average. The divisions were filled to different levels 
and the material distributed by moving the bottle as the 
material ran out. 

Samples were then taken representing 1/20 capacity 
of the tank as the mixture was drawn from the three 
divisions at the same time into a common channel. . As 
each division got approximately empty, it was filled with 
a new mixture. Out of 36 samples, 30 in number (over 
83%) varied from the mean, in terms of the mean, by 
less than 5%; four were between 5% and 10%, and one 
exceeded 10%. Of all of our experiments, this method 
gave by far the best results with the mixture used, and 
indicated that the procedure followed was probably the 
best possible. Repeated tests gave similar results. 

In all our tests we were impressed with the fact that 
if an empty tank were filled and then a sample, repre- 
senting say one-twentieth of the capacity, was drawn 
out, this first sample always gave an extreme variation 
from the mean. If the tank were drawn empty, the 
last two samples also always gave a wide variation. It 
was found that by never drawing the tank more than 
nine-tenths empty, these extreme variations could be 
reduced to normal. In other words, by giving up 10% 
of the storage capacity of a tank, the extreme irregu- 
larities due to filling an empty tank and drawing a tank 
empty will be avoided. 

As material gets finer, the tendency to segregation is 
reduced; but is still active and appears to follow the 
same general rule. With very fine material, the tendency 
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to roll is reduced, and the material collects in masses 
and then slides. When it is mixed it is more apt to 
“stay put.” Possibly when dry fine material is agitated 
together, electric attraction due to friction may come into 
play. But still the same tendency was disclosed and to 
an important extent. 


If portland cement, about 75% or 80% of which will 
go through a screen with 40,000 holes per sq. in., is 
dropped a distance of say 8 in. through a funnel, so as 
to strike at one point, the larger visible particles will be 
seen to sink into the surface of the finer material and 
form little craters, with vertical sides of finer material, 
and then after the pile has built up a ridge it will sud- 
denly slide and flatten out. Tests showed that there 
was a marked difference in fineness between the outer” 
edge, the intermediate section, and the center. The fol- 
lowing was one of the results, the samples being obtained 
by pushing cylinders down through the pile so as not to 
disturb it. 


Outsider seeiate sete. sie tehaiergis akerelsvelayepetozexs heels: laze 23.6% caught on 200 mesh 
BebWeeIe Gives che oteieie virtccerelcteletelsl cle atcha sa, hotter. 22.7% caught on 200 mesh 
Genter eiyic torre nelsiey> « auciarsie re lckeeisiet let olelarake 21.3% caught on 200 mesh 


If this happens in a fall of 8 in., how much more must 
be the segregation when material is dropped in a tank 
from a height of 60 ft. or 70 ft.? Based on the tests 
with coarser material, cement and other fine material 
ought to be fed into a tank in such a way as to allow 
it to fall evenly over the bottom; ought to be drawn 
from two tanks at once; and the tanks should be in series 
so that the second tank would commence to be drawn on 
when the first is half empty, and the third when the 
first is empty, and the second half empty, and so on. 
As has been shown, the effect of several tanks can be 
produced in one tank by having it divided longitudinally 
into two or more divisions. 

I have had an opportunity of seeing tested out in actual 
practice the value of tanks or silos in correcting longi- 
tudinal irregularities in a stream of fine dry material 
(80% through 200 mesh), and the further reduction due 
to drawing two silos at the same time. The extreme 
variation in chemical composition is usually cut in half 
by passing the material through these silo tanks. A 
reasonable inference is that if the material were passed 
through two more silos in the same way the variation 
would again be cut in two. 


But the greatest variation due to segregation is with 
going to each machine would be greatly reduced. The 
coarser dry material, and where there is a great differ- 
ence in the size of the particles, and the strongest im- 
pression made on me by these tests is as to the extreme 
segregation incidental to the common method of drop- 
ping material into a deep tank and allowing it to impinge 
in a vertical line. This always produces excessive seg- 
regation, whether the material is fine or coarse, but is, 
as explained above, less when the material is very fine. 
It would seem to be the proper thing to make provision 
to insure a fair distribution of all material which is 
dropped into a tank, and it does not look like this would 
be difficult. 


Among those industries which are peculiarly affected 
by the problem discussed is the portland cement indus- 
try, the manufacture of which is dependent upon the 
uniform mixing of dry materials which at certain staves 
of the operation differ greatly in size and composition. 
Anything which would add in any appreciable degree 
to the uniformity of the fine material which finally goes 
to the kilns would immediately be reflected in reduced 
cost, increased output, and improved quality of the 
finished material. I am encouraged to believe that a 
more thorough study of the question of segregation will 
accomplish valuable results in the industry. 
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The great claim for the wet method of manufacturing 
portland cement is the uniformity of the mix, and I am 
satisfied that if a concerted effort is made, in the light 
of these investigations, equal uniformity can be secured 
by the dry method. 


The following consideration of a few points in the flow 
sheet of a theoretical portland cement plant, illustrates 
the possibility of segregation and the effects which might 
_ be expected. 


Suppose the stone starting from the quarry containing 
exactly the right composition, but consisting of material 
some of which is high in lime and is relatively hard, 
some of which is low in lime and is relatively soft, and 
some of which consists of the clay stripping carrying 
practically no lime and very fine in its subdivisions. The 
material lands at the big crusher in a perfect state of 
average mixture. Every carload is, as an average, exactly 
the right composition. It is dropped into the big crusher 
and immediately the fine material and the softer material 
will go through very quickly, and the larger material 


-. is slower in passing through. The result is that the 


stream immediately divides itself into alternate sections 
of high lime and low lime material, and as it goes into 
storage we have seen that this separation is still further 
emphasized. If stored in a tank and allowed to fall 
at one point, we have shown that the segregation in such 
cases is such that if drawn from any tank in amounts 
representing, say, 1/20 of the entire capacity of the 
tank, you are certain to get material, some of which 
will carry from 60% to 70% of fine material, and from 
40% to 30% of the coarse material, and some of the 
samples will be reversed. This process is taking place 
continually. If, however, in feeding into these tanks, 
the material is so distributed as to be spread over the 
tanks in layers, this segregation is greatly reduced, and 
if, after spreading in layers, two tanks are drawn at 
once, the segregation is still further reduced. If. the 
tanks are filled irregularly so that the second half of one 
tank is being drawn while the first half of the other is 
being drawn, the variation is still further reduced. 
Uniformity, or lack of it, at this point must be a factor 
in the capacity of the hammer mill, or other disinte- 
grator, which then crushes up all of the material to 34 in. 
and under. 

The material now goes to the dryer. Assuming it 
reaches the rotary dryer in a state of perfect uniformity 
_ (which we have shown is commonly not the case), the 
same material must come from the dryer as it is fed to it. 
A natural assumption is that a revolving cylinder must 
mix the material at least across its longer axis, but this 
is not true, as any regular movement increases segrega- 
tion. The fine material collects together in a line par- 
allel with the large axis of the dryer. This segregation 
is, however, a matter of little moment, as it is across the 
direction of the stream and we get out of the dryer what 
we put in; but it is only referred to to correct the impres- 
sion that such revolving cylinders are of any value for 
the purpose of mixing. 

” If the dry stone is now fed into tanks, we have exactly 
the same problem as we had in the coarser stone tanks 
and exactly the same segregation will take place. This 
segregation does not continue indefinitely, but the tend- 
ency is always towards the formation of a certain amount 
of material which reaches the extreme segregation which 
we have shown to be possible. “But even if an uniform 
mixture is fed to a tank by dropping into it at one point, 
and if the material is then drawn out at one-point, you 
can be very certain that the stream of material which 
comes from the tank, when considered in amounts which 
represent a sensible proportion of the tank as a whole, 
will vary often, in the proportion of coarse and fine ma- 
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terial, by more than 20% from the mean, in terms of 
the mean. 


I had an opportunity once to note the material coming 
from a tank supplying a poidometer (or weighing ma- 
chine) belt. This tank was being filled by a bucket ele- 
vator, and, at the time I examined it, the tank was prac- 
tically empty, so that each bucketful was delivered on 
the belt with the segregation incidental to its fall into 
the tank. It was perfectly obvious that one side of the 
belt carried principally large material, and the other 
side of the belt carried very fine material; and an analy- 
sis showed a difference of 4% in carbonate of lime be- 
tween the two sides of the stream on this belt. 


Assuming that the material comes from the poidometer 
or weighing device (where the mix is corrected by the 
addition of material which is different in specific gravity, 
size of particles, and character of the surface), giving a 
perfect average for the day, but varying greatly from 
hour to hour as an inevitable result of the segregation 
in handling referred to, it now goes to the tanks supply- 
ing the mills which pulverize the raw materials. Here 
it conforms to the requirements which these tests have 
shown are most conducive to uniformity. As a rule, the 
raw material tanks are filled to an irregular height, and 
a number are being drawn at the same time. The aver- 
age of the stream coming from these tanks would tend, 
first, to correct the broad irregularities incidental to the 
variation in the stream itself. Next, it would tend to 
correct the irregularities due to segregation from filling, 
and also tend to correct the segregation due to drawing, 
by drawing from a number of tanks at the same time. 
The ground material from these mills is fed into a com- 
mon conveyor. The greatest aid to uniformity in cement 
manufacture is the mixing which comes from passing 
through many tanks to the grinding machines at this 
point. But great uniformity could be produced. It is 
certainly desirable that the variation in the material 
being fed to each machine should be as small as pos- 
sible. This would not only enable the machine to work 
more efficiently, but would be of immense service in re- 
ducing the variation in the combination stream coming 
from the raw grinding mills. If, therefore, the stream 
were evenly distributed in each raw mill tank, the result 
is obliged to be of advantage. If also each machine were 
fed from two tanks or from a tank which had several 
divisions filled alternately, the variation in the stream 
efficiency and capacity of the machine would be in- 
creased, and the uniformity of the product would be in- 
creased. 


The machines themselves really accomplish very little 
in the way of mixing, because of the small contents of the 
machine and the fact that the material is being fed to 
them and drawn from them continuously. The real mix- 
ing devices are the tanks which feed the machines. 

Passing from the grinding machines, the finely ground 
raw mix is sometimes, and always with advantage, de- 
livered into silos, or storage tanks. This is especially 
desirable where the correction made at the raw mix 
scales is necessarily several hours behind the stream to 
which the correction is applied. It enables the correc- 
tion to catch up, and thus permits an overlapping of the 
stream in a longitudinal direction. It has been found 
in actual practice that by passing a stream through a 
single silo, first filling and then drawing, the maximum 
variation is reduced. This is not true if drawn from 
the silo as rapidly as it is put in. It has also been 
found that by drawing from two silos at the same time, 
the extreme variation could be greatly reduced. Rough- 
ly speaking, the maximum variation between the stream 
going to the silos and that coming from the silos will 
be reduced to about one-half, if drawn from two or more 
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silos at the same time, and the silos have been drawn to 
unequal heights. 

It is probable that in the ordinary operation of the 
silos, to some extent at least, the filling and the emptying 
conforms to what my experiments show to be best, and 
that is, that the lower portion of one tank is commonly 
being withdrawn while the upper portion of another is 
being withdrawn. But I am satisfied from these tests 
that if this is watched carefully and if the silos are 
never fully emptied, a further reduction of variation 
can be produced. I am further firmly persuaded that 
if provision is made for distributing the material uni- 
formly into the silos in horizontal layers, the variation 
will be still further reduced. A large amount of money 
is expended in producing portland cement by the wet 
method of preparing the raw mix, the principal claim 
for which is. that it conduces to greater uniformity. But 
until the above methods are fully tested out in dry grind- 
ing, it is not proper to say that similar uniformity cannot 
be reached by that method of manufacture. 
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used for grinding the clinker, together with their accom- 
panying tanks, are valuable mixing devices reducing 
these variations. And, as before, the clinker going to 
the individual grinding machines can probably be ren- 
dered far more uniform and the work of the machines 
far more efficient if the clinker is distributed over the 
surface of each tank and if it is drawn from two tanks 
at once, or from a tank having longitudinal divisions. 
When the ground clinker which forms cement is stored 
in tanks, or “bins,” the same proposition occurs again. 
Cement should be distributed by some device in com- 
paratively uniform horizontal layers, and not allowed to 
drop at any one single point into a tank. When cement 
is dropped into a 60 ft. or 70 ft. bin, the best possible 
chance for air separation and segregation is offered. 
It should certainly be drawn from two points in the same 


. tank at the same time, and, if this is done, a far more 


uniform product can be secured than can be secured if 
this precaution is not taken. 
I have referred to the portland cement manufacture 
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1. Tanks filled by even distribution and drawn from one opening. 

2. Tanks filled by even distribution and drawn from three openings. 

8 and 4. Tanks filled and drawn in substantially the same manner. 

5. An average gotten by combining the corresponding samples 
from 3 and 4. : 

6. An average gotten by combining the samples from the upper 
part of 3 with the lower part of 4, and vice versa. 

7. Tanks filled by dropping material at one side and emptying 
through one hole in bottom. 


8. Tanks filled by dropping material in center. 
one hole. 


Emptied through 
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0 0 0 2 3 1 0 0 0 0 0 0 


_9. Tanks filled by chute causing material to strike angle between 
side and bottom on opposite side. Emptied through one opening. 


_ 10. Tanks filled by even distribution. Emptied through one hole 
in flat bottom. 


11. Tanks with vertical walls, 60° conical bottom, one opening. 
12, Tanks with vertical walls, flat bottom, one opening. 


13. Tanks filled by even distribution, wtih two sections 
emptied through one hole. 


_14. Tanks filled by even distribution with three sections and emp- 
tied through one hole. 


15. Tanks with three sections filled to different levels. 


and 


Continuing to consider portland cement as typical of 
an industry in which dry material in large quantities is 
handled and mixed and ground, and in which very exact 
mixture is necessary for success, I would call attention 
to the fact that the same problem applies to the question 
of the clinker, or burned material, and of the finished, 
or final ground product. 

Assuming that exactly the same material is delivered 
to many kilns, there is certain to be a difference in the 
product from several kilns. More than that, the clinker 
will differ greatly in size. This difference in size meas- 
ures to some degree at least differences in chemical com- 
position, produced by segregation in the kilns, and very 
considerable differences in physical. condition brought 
about during the clinkering process. If you. separate 
the large clinker and the fine clinker, it is easily shown 
that there is considerable difference in both their physi- 
cal and chemical qualities, and in the physical and chemi- 
cal qualities of the cement which may be made from 
them. 

We have, therefore, exactly the same problem here 
that you have with the raw material. We have a seg- 
regation when the material is dropped on, and taken 
from, the pile of clinker, and we have a segregation when 
the material is fed into the tanks and from the tanks 
to the grinding mills. As before, the mills which are 
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as typical of an industry, in which the question of seg- 
regation is of great importance, but it is obvious that 
the number of industries in which this is a factor is very 
great. I cite a few of them: 

Coal for coke ovens. Or the handling of run-of-mine 
coal for all purposes, so as to have successive propor- 
tions fairly comparable. At present no two carloads 
of run-of-mine coal are approximately the same. 

Irregular sized ore of all sorts, which may be stored 
in bins, and in which uniformity is an element of value. 

Run of crusher stone, or bank-run gravel, used for 
various purposes, especially for all concrete work. 

Fertilizer mixtures. 

Concrete itself, after mixing. The segregation caused 
by handling can be greatly reduced. 

Many other operations will occur to the reader, 

In this connection, reference is made to a paper by 
Robert H. Richards and Richard W. Lodge, read at the 
July, 1887, meeting of the American Institute of Mining 
Engineers, on “Experiments Illustrating the Descent of 
the Change in an Iron Blast Furnace,” and also to “The 
Theory and Practice of Ore Sampling,” by D. W. Brun- 
ton, which is found in Volume XXV of the Transactions 
of the same society. 

My thanks are due to Miller Porter for performing 
the greater portion of the many tedious experiments. 
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Colorado Company Fires Big Blast 
By E. J. Strockx 


A spectacular view of a quarry blast is shown in the 
accompanying illustration of a 34-hole shot in the lime 
quarry of the Colorado Portland Cement Co., Portland, 
Colo. The rock being thrown as shown at the left end 
of the picture is equal to that of an ordinary blast in 
_ the lime quarry and the three columns of smoke indicate 
the size of the shot and make it look more impressive. 


SPECTACULAR QuaRRy Bast IN Lime Rock Quarry or CoLorapo PorTLAND 
MENT Co, 


The shovel near the center of the picture is a 70C 
Bucyrus, and is ready to load the lime rock as soon as 
the shot is completed. The shovel on the right is ready 
to go up into the small arroyo just ahead of it and 
strip out some dirt brought down by storms. Along 
the bank of the arroyo shown just above the running 
board of the small shovel, dust is being forced out of 
the bank. This occurred where the dirt rested on the 
solid rock, as'it was found later when the dirt was 
stripped. 

Just over the top of the boom of the larger shovel is 
the floor of the shale quarry, as shale lies above the 
lime rock. The shovel quarrying shale is hidden by the 
smoke of the shot. The maximum face of the two quar- 
ries, one above the other, is about 130 ft., the highest 
point in the shale quarry being 86 ft. above the shale 
quarry floor, and the rest of the height being lime rock. 
The Arkansas River lies just to the left of the view in 
the picture. The river is crossed in conveying the rock 
to the plant. 
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Face OF QUARRY 


Explosives Used 


Duty of Powder 


Powder—“Titan D’’....10,487 lbs. Vards) MOved fintenascees oe 27,440 
Cordeau—Plain ....... 561 lbs. PONS) MOVE. :s;or0 10/016 wieisis alors 55,703 
Cordeau—Corded ...... 1,541 Ibs. Yards per pound powder.. 2.635 
Exploders—Electric 2 Tons per pound powder.... 5.312 
Pounds powder per yard.. .882 
Pounds powder per ton.... .188 


The diagram gives the data on the shot. This is about 
as large a tonnage of powder as the Colorado company 
gets a chance to use in one shot. The shot was very 
successful. The drill and powder foreman in charge 
of the shot was A. F. Meyers, a man of many years’ ex- 
perience with powder in road making in the Rockies and 
in quarrying. ‘ 

Pike’s Peak is a trifle to the right of the picture and 
about 40 miles distant to the north. 
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Portland Cement Output in March 


The statistics shown in the following table, prepared 
under the direction of G. F. Loughlin, of the U. S. 
Geological Survey, are based mainly on reports of pro- 
ducers of portland cement, but in part on estimates. The 
estimates for March were made necessary by the lack 
of returns from three producers. 


PRODUCTION, SHIPMENTS, AND Stocks oF FINISHED PorTLAND CEMENT 
IN Marcu, 1922, anp PRECEDING MoNnTHS 


, ; Stocks at end of mo. 
Production (bbls.) Shipments (bbls.) bbls. 
Month © Ss 
1921 1922 1921 1922 1921 1922 
Jan. ... 4,098,000 @4,291,000 2,539,000 @2,931,000 10,300,000 a18,316.000 
Feb, ... 4,379,000 4,278,000 8,331,000 8,285,000 11,400,000 14,142,000 
Mar. .. 6,763,000 6,685,000 6,221,000 7,002,000 12,000,000 13,824,000 
First 
quart’r 15,240,000 15,254,000 12,091,000 18,218,000 ........  ...seeee 
ADVIL 8; 601;000) seta crtietere 8,929,000) sacle vies YZ{6 0050001 © src svatetave 7a 
Mayes 1952815000 fra.etuiees OF 48S O00) e .i5Sarstereis 1254505000 + Srvc. steve cte 
JUNC oe (952965000 5 9 shiails aye LOS 5i7:1 OOO me wersiatele ates TUS 50,000 So sctis cteteale 
Second 
quart’r 27,228,000 ....... CRT AUIS pectin Son eet oes: Sorkoa orks 
July 9.568.000 LF sac esas « LOVSOULOOOM a atsitreree rere LOALS O00 PiicieeSts 
Aug, ...10,244,000- ........ L23840 000) & eve creveses 852805000) Siete atte rare 
Sept;. <2 100275000) “sir s csc 1156295000. 2 ccrsis svt 6;958,000 © Sass its oars 
Third 
quart’r 29,839,000 ........ ROHR Maas Amoco laddoninos. — Geahonod 
Octy 55.10;506,000° 05.6.5 AOU nic: Sisicione DSS 48,000 leis eatireals 
NOVigeso 85921000 ser iitrs cele 6195060) tem. sias< 9,0915000) Dic lewerectera 
Deere 6555950008 sos cne ec BSO9 7,000 ereteiiere ciate EUT9S 3; OU Ores eratercretetore 
Fourth 
quart’r 25,986,000 ........ DUOOC OOO coctercretersies svenatelovetetelet mais elanere stern 
98,298,000 95,051,000 


(a) Revised. 


The Bureau of Foreign and Domestic Commerce, of 
the Department of Commerce, reports that imports of 
hydraulic cement in March amounted to 1,597 bbls., 
valued at $4,308. The total for 1921 was 122,317 bbls., 
valued at $388,828. The imports in March were from 
Mexico, 902 bbls.; France, 322 bbls.; Japan, 253 bbls.; 
other countries, 120 bbls. The statistics of exports of 
hydraulic cement in March are not available. The total 
exports in 1921 were 1,181,014 bbls., valued at $4,276,- 
986. 


Imports AND Exports oF HyprauLtic CEMENT IN MArcH, 1922, 
AND PRECEDING MONTHS (@) 


—Imports (bbls) .— —Exports (bbls.)— 

Month 1921 1922 1921 1922 
WORWALV y va scotavrtjsvec ately 14,678 17,0386 225,561 70,725 
INOS ANAS Gagansononos 18,269 5,157 84,230 82,421 

IMETORE Siecctevctlctore caus ote 7,631 1,597 97,302 (b) 
TADOE EN Wreterstere(sicleterezateVeisiete 1,540) Saietas« 931009 me aiietectaare 
NEN eawiclkdan on rotoncn PCL oe idrecod 82,409 eee elect 
JUGS Sonera ciate oii cas tenes GSEs Boece s LOOs88L% We sheets ote 
LV Ul Wpaatahctay anerccem ote STA55 gee eee S109 10 a Se pec 
ATIPUST Mila, ave icereis te tet VOSOSSIT Wiereietras. 84.588. lee Setasitets 
September ........... bee Blond 84,668) el sicieleisis 
October’ rice citrate TO oS Snodds UM Ele A eins ic 
Novemberta . semis eae OX 6 Berges WAR hE SS) a Beas 
December, «wo. saci D5 SO ame releterelets (iehee =" Baaced 

122,317 1,181,014 


(a) Compiled from records of the Bureau of Foreign and Domestic 


Commerce. 
(b) Exports in March are not available. 


The Atlas Portland Cement Co., on behalf of its mill 
at Hannibal (Ilasco), Mo., has filed a complaint with 
the Interstate Commerce Commission protesting that the 
Chicago, Burlington & Quincy R. R. and other carriers 
named as defendants to the complaint, charge at present 
and will continue to charge and collect rates on cement 
sold “delivered” at points in Kansas which are greatly 
in excess of the rates charged by the railroads on cement 
from the plant of Dewey Portland Cement Co., a com- 
petitor of the Atlas, at Dewey, Okla. The Commission 
is requested to order the establishment of just and rea- 
sonable rates from Hannibal. 


125 [101] 


MR 


Men and Mills 


Notes from the Field 


TT 


The Sandusky Cement Co. plans to build a cement 
plant a few miles west of the city of Toledo, Ohio. This 
will really be a removal of the company’s plant at Syra- 
cuse, Ind., with some additions to bring the outfit up to 
modern practice. The deposit at the point selected con- 
sists of over 400 acres of limestone, with cement rock 
and shale overlying it in the western portion. The 
quality of the rock, transportation facilities and the 
proximity of a market in Toledo are considered to have 

been controlling factors in the location of the plant. 


H. W. Hardinge returned on the Olympic on March 
29 from a business trip abroad. He spent about a month 
in England, France, and Belgium. Mr. Hardinge re- 
ports that business activity in Europe is apparently in 
better shape than in the United States. A more active 
interest in industrial problems seems to be taken, espe- 
cially in the lines in which he is interested, namely, 
grinding, drying, and the application of powdered coal 
to boilers and steel plants. 


W. F. Morris, formerly with the Cuban Portland Ce- 
ment Co., is now with the Western States Portland Ce- 
mfent Co., at the Independence, Kans., plant, where he 
is general mill foreman. 


Harry M. Zimmerman has been made chief chemist at 
the plant of the Western States Portland Cement Co., 
Independence, Kans., having succeeded H. J. Robert- 
son, former chief chemist, who resigned. 


The Bonner Portland Cement Co., Bonner Springs, 
Kans., has just completed the installation of a 1,000 
kilowatt Westinghouse Parsons steam turbine. The 
company will generate its own power at the mill. 


During the Jast three months there have been a num- 
ber of changes in the sales organization of the Celite 
Products Co., manufacturers of heat insulation, etc. The 
policy of this company has been that increased business 
could be secured only by direct concentrated effort, and 
with this object in view, branch offices have recently 
been established in Boston, Buffalo, Cincinnati, and 
Minneapolis. 


Dumerite, the new explosive recently put on the mar- 
ket by the DuPont company, is effecting reductions in 
blasting costs amounting to one-third and more, accord- 
ing to statements of users in quarry work submitted to 
the manufacturers. To a quarry company in the middle 
west is attributed the report that in its operations the 
new explosive is materially reducing blasting costs. In 
eastern quarries, equally good results have been ob- 
tained. 


The Superior Portland Cement Co. is erecting four 
new cottages in Bellingham. These houses are being 
constructed from the small houses erected on Concrete 
Heights some years ago by the Washington Portland 
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Cement Co. The cottages from the Heights have been 
moved at the rate of two or three each day, and three 
of the small houses are being combined into one large 
residence. Each of the small houses was raised and 
placed on a sled and taken in tow by a catapillar trac- 
tor. In the new location, after the cottages are joined 
together, the necessary alterations will be made to con- 
vert them into convenient dwellings. Doors and win- 
dows will be enlarged and porches added to make the 
new houses neat and attractive in appearance. When 
completed, the new cottages will be leased to employees 
of the Superior company and will help to relieve the 
housing shortage in the city. 

At the present time some new machinery is being 
installed at the Superior cement plant, and other changes 
are being made to expedite the manufacture of cement. 


By waiting a year, the Bath Portland Cement Co. has 
saved half a million dollars in the construction of its 
proposed new mill, to be located on the property it has 
purchased at Sandt’s: Eddy, and the calling for revised 
bids was the feature of the annual meeting, held early 
in February. Plans have been made for the construction 
of a second unit, similar to the first, located near Bath. 
The estimates a little more than a year ago totaled 
$2,250,000. It is estimated the unit can now be con- 
structed for $1,750,000, and new tenders-were asked for. 

The stockholders elected the following directors: 
Louis Rafetto, Walter Dutton, John Barnes and Her- 
bert Rufett, of Philadelphia, and Fred B. Franks, of 
Bath. These officers were elected: President, Louis Ra- 
fetto; first vice-president, Fred B. Franks; second vice- 
president, Walter Dutton; third vice-president, Herbert 
Rafetto; secretary, F. P. Hahneman, Philadelphia; treas- 
urer, John Barnes. 

It was reported that the installation of waste heat 
boilers had been completed, one of the foremost econ- 
omies in the history of industry, by which at least 75% 
of the steam coal bill is saved. The sum of $300,000 was 
set aside for the improvement of the existing unit, chief- 
ly for its complete electrification, including a 4,000 h.p. 
turbo generator. Electrification was about 30% com- 
pleted when it was held up by the war, and the finish- 
ing of this work will increase the capacity of the mill 
to 4,000 bbls. a day. The new unit, which will have 
the same capacity, is to be a duplicate of the present 
one, with every modern improvement in the way of 
manufacturing equipment and labor and fuel-saving de- 
vices, according to advices from Allentown. 


The proposed cement plant for the Province of On- 
tario, for which $1,000,000 was voted last year, has 
been abandoned for the present, according to W. A. 
McLean, deputy minister, Dept. of Public Highways, 


kha whose direction preliminary arrangements were 
made. 


The Petoskey Portland Cement Co. is now breaking 
ground for a new cement storage silo and packing house, 
capacity 100,000 bbls., to be used in loading boats from 
its own docks. The company is also putting up a raw 
storage structure with a capacity of 60,000 tons. This 
will be about all the new work that will be done at 
the Petoskey company’s plant this year. 


Fires were started under the boilers at the Nebraska 
Cement plant on March 22 and the whistle blew for the 
first time since closing down last fall. More men were 
being taken on each day and it was expected the full 
quota would be at work by the first of April. 
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The first good weather has caused an excellent move- 
ment of cement and probably one hundred car loads are 
Moving out of the Lehigh district daily. A brisk season 
is anticipated. 


The arrival of the steamer Mitchell at Alpena, Mich., 
on April 17 brought to an end a season of unusual win- 
ter activity, during which period the local plant of the 
Huron Portland Cement Co. was never closed, even for 
repairs of a few weeks, as was frequently the custom. 
Besides keeping the plant in full operation, the com- 
pany has advanced its new construction to a point where 
some of the new buildings are commencing to take form. 


The Wolverine Portland Cement Co., being the second 
largest producer in the state of Michigan, was allotted 
the third largest amount of cement to be used in road 
construction in the southern part of the state. 

State Highway Commissioner Rogers, in making his 
allocation, recognized the fact that the mills located 
nearest to the work to be constructed should be awarded 
the cement contracts, in order that the contractors will 
secure the best transportation facilities. 


The Hermitage Portland Cement Co., capitalized at 
$3,000,000, which will operate at Old Hickory, Tenn., 
filed its charter in the office of Secretary of State Ernest 
N. Haston recently. The company is chartered under 
the laws of Delaware, and the incorporators are given 
as T. L. Croteau, M. A.*Bruce, and C. H. Maxwell, all 
residents of Wilmington, Del. 


Glens Falls Portland Cement Co., Glens Falls, N. Y., 
is enlarging its capacity by installing more kilns, waste 


heat boilers, erecting a reinforced concrete building for 
the storage of stone and clinker, and by installing a new’ 
system for cooling clinker and also a new crushing plant. 
F. L. Smidth & Co., New York, are in charge of the 
work. 


Because of improved conditions, the Olympic Port- 
land Cement Co.’s cement plant reopened on April 1 
with a crew of approximately 140 men, many of whom 
had been at work for several days in the company’s 
quarries located between Sumas and Kendall, near Bell- 
ingham, Wash. Shipments by rail and water will begin 
in a short time. 

The coal strike that recently went into effect will 
have no effect on the operation of the cement plant, in 
the opinion of Superintendent Krabbe. Nearly all of 
the coal the plant will use is shipped from Vancouver 
Island. In the course of a few days he expected to be 
producing 2,000 bbls. of cement per day. 


H. G. Jacobson, superintendent of the accident pre- 
vention bureau of the Eastern District of the Portland 
Cement Association, was in charge of the annual meet- 
ing of the association at Allentown April 3. The pur- 
pose of the meeting was to discuss ways and means of 
preventing industrial accidents and to further safety 
measures in the cement industry. 

The morning meeting was held in the Chamber of 
Commerce rooms, opening at 10 o'clock, for the super- 
intendents and executives in charge of safety work at 
the various cement plants and departments, who are con- 
stantly devoting their efforts to the betterment of safety 
conditions and the elimination of working hazards. The 
meeting was devoted to a general discussion on safety 
methods, suggestions and changes. 


Spiral Pipe with a Seam like this i 


Insures 125% Greater Durability g 


THE PROOF 


OF THIS BROAD CLAIM LIES IN THE FOLLOWING FACTS: 
Naylor Lock-Seam Spiral Pipe 


Made of one continuous strip of steel with seam securely locked on outside to 


obtain maximum rigidity and strength. 


friction loss. 
Light in weight without loss of strength. 


throughout life of pipe. 
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10 to 16 gauge. 
Send us your specifications. 


Absolutely true to diameter throughout entire length of pipe. *y 
Smooth inside wearing surface, free from raw cut edges, assuring minimum 


Initial cost less—installation cost less—with minimum maintenance expense 


Furnished in any practical lengths; any even diameter from 6” to 24”, from 


Quotations will be forwarded immediately. 
Two weeks delivery on average orders. 


and manufactured especially 
for Water Supply Lines of all 
kinds; Irrigation, Sluicing and 
Dredging ; Paper and Pulp Mill 
Installations; Cotton Gin In- 
stallations; Cement Plant, 
Smelter and Foundry Installa- 
tions ; By- Product Recovery 
Systems. 


PATENTED NAYLOR LOCK-SEAM SPIRAL PIPE CAN BE OBTAINED ONLY FROM 


ROBERTSON BROS. MANUFACTURING COMPANY 


5401 SOUTH WESTERN BOULEVARD, CHICAGO, ILLINOIS 
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The Connecticut Adamant Plaster Co., New Haven, 
is preparing to enlarge its plant by the addition of an- 
other calcining kettle and auxiliary equipment. Richard 
K. Meade & Co. have been chosen as the engineers for 
this work. 


The new lime plant of the Bathurst Co., N. B., Can- 
‘ada, which was designed by Richard K. Meade & Co., 
was placed in operation the last week in March and 
has been running very satisfactorily. 


The International Cement Co. has obtained a contract 
for work in Havana harbor calling for the delivery of 
from 75,000 to 100,000 bbls. of cement this year, accord- 
ing to reports from New York City. The company also 
has obtained a contract for furnishing cement for the 

‘vehicular tunnel under the Hudson river, which project 
will call for about 200,000 bbls. of cement. 


Fred B. Franks, of the Bath Portland Cement Co., 
Coplay, Pa., and Mrs. Franks recently departed for 
Cuba. 


The Texas Portland Cement Co., Dallas, announced 
its sales of cement during January, 1922, were greater 
than any year in January during the history of the plant. 

The Pennsylvania Cement Co. again has placed a 
force of men at the work of removing topping and big 
steam shovels will soon be in action. Some of the 
familiar faces seen in Bath last year are back again with 
the contractors. 


A “No-Accident Month” campaign will be carried on 
-at the Tidewater Portland Cement plant the month of 
May, and everyone in the locality, whether employee or 
not, is expected to take an interest in this movement. 
Accident prevention is something of vital importance to 
every. man, woman and child in no matter what walk of 
life, it is pointed out. 


The International Cement Corporation, for the last 
quarter of 1921, reports gross sales of $2,482,752, 
against $3,324,501 in the previous quarter, while net 
income after all charges and reserves for taxes totaled 
$189,262, against $420,792 in the third quarter, $348,- 
168 in the second quarter, and $499,655 in the first 
quarter. 

The surplus for 1921, based upon the quarterly re- 
ports, was $1,457,880, equal to $.430 a share on the 824,- 
693 shares of common stock outstanding. This is after 
allowing for the regular dividends on the preferred 
stock. The report shows that this result was reached in 
spite of the fact that the company did not benefit from 
any returns from the Knickerbocker Portland Cement 
Co., which was acquired last Summer, says the New 
York Times. 


A. F. Krabbe, superintendent of the Portland Olympic 
Cement Co.’s plant at Bellingham, Wash., has just re- 
turned from a three months’ trip abroad. Mrs. Krabbe 
was with her husband during the world jaunt. 

At Lille he visited one of the largest cement plants on 
the continent. Lille was occupied by the Germans dur- 
ing most of the four years of war, and when it was re- 
gained by the French all of the machinery that was 
worth taking was removed by the Germans, he said. 
Since 1919, however, all the machinery has been replaced 
and the plant is now busily engaged in turning out its 
product to aid in the reconstruction of the rest of the 
city of Lille and the surrounding country. 

In England, also, the cement industry is exceptionally 


busy, Mr. Krabbe found. 
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SUPER “PENNSYLVANIA” 
HAMMER CRUSHER 


The “Super Pennsylvania’ Hammer 
Crusher takes feed direct from the 
“Pennsylvania” or other primary crush- 
er and reduces it to the required size _ 
for pulverizing in one operation. — 


We build 4 sizes in the “Thor’ type, 7 
which take feed from the Secondary 
Crushers. 


For the fine reduction of limestone, 
for agricultural and other purposes, 
there are eight “Pennsylvania” Steel 
Frame Top Feed Crushers to meet the 
requirements of both large and small. 
producers. 


The “Pennsylvania” Patented Tramp 
Iron Separator is optional equipment 
with all sizes. 


We also build a complete line of Coal 
Crushers and Pulverizers, both Single 
Roll and Hammer Crusher types. 


Outline your reduction problems to 
us. 


Full information on request. 
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